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SPECIFICATION 
METAL JET APPARATUS AND JET METHOD 

Technical Field 

The present Invention relates to a metal jet apparatus 
and a jet method used for an apparatus which jets molten metal 
to bond a circuit or produces a three-dimensional structure. 

Background Technique 

In recent years, attempts have been made to produce 
various three-dimensional structures using prototyping 
technique utilizing computers. For example, patent document 
1 described a configuration in which metal material is molten 
and jetted from a nozzle, the nozzle or support means of a 
three-dimensional structure is moved in accordance with 
structure data of the three-dimensional structure to be 
produced, and a desired three-dimensional structure is 
produced . 

(Patent document 1) 

Japanese Patent Application Laid-open 

No .H10- 19 3079 (page 2, column 1, patent claim, page 3, column 
4 (0007) to page 4 column 5 (0009), and Figs. 1 to 3) 

In a method using metal jet such as a prototyping 
technique, when molten metal is jetted into air from a nozzle, 
since the temperature of the molten metal is 'high, the molten 
metal reacts with oxygen in the air in the vicinity of an outlet 
of the nozzle and is oxidized, and they become a metal oxide 
such as ceramic- Since the metal oxide is accumulated in the 
vicinity of the outlet of the nozzle, the nozzle is clogged 
and the molten metal can not be jetted in^jnany cases • If molten 
metal is oxidized immediately after it is discharged, molten 
metal droplets are not f ormed into spherical shape but are 
formed into shape having a tail . Therefore , the metal droplets 
are formed irregularly or a desired product can not be obtained 
in some cases. 



Hence, it is an object of the present invention to prevent 
clogging of a nozzle hole which jets molten metal. 

It is another object of the invention to form molten metal 
droplet into a spherical shape. 

Disclosure of the Invention 

A first aspect of the present invention provides a metal 
jet apparatus comprising a discharge nozzle which jets the 
molten metal, inert gas supply means for supplying inert gas 
to a peripheral portion of nozzle hole, and a nozzle cover 
having a space in an outlet of the inert gas, which opens 
downward, wherein a projection is provided around the opening 
of the nozzle cover. 

According to this aspect, metal droplets can be jetted 
from the noz2le hole into the space filled with the inert gas. 
Therefore, the molten metal jetted from the nozzle is not 
oxidized in the vicinity of the nozzle discharge port* Thus, 
it is possible to prevent nozzle hole from being clogged - 
Further, metal droplet can be formed into a spherical shape. 
The projection formed around the opening of the space can 
prevent air or oxygen from outside from entering the space. 

According to a second aspect of the invention, in the 
metal jet apparatus of the first aspect, the apparatus further 
provides heating means for heating the discharge nozzle and 
the inert gas supply means. 

According to the second aspect, heating the nozzle keeps 
the metal molten. Further, heating the inert gas exerts a 
buoyant in the inert gas in the space from which the metal is 
jetted, and this can prevent the inert gas from escaping. 

A third aspect of the invention provides a metal jet 
apparatus comprising a discharge nozzle which melts metal and 
Jets the molten metal, and gas supply means for supplying inert 
gas to a peripheral portion of a discharge port of the discharge 
nozzle 

According to this aspect, metal droplets can be jetted 
from the discharge nozzle into the space around the discharge 
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port filled with the inert gas. Therefore, the molten metal 
Jetted from the nozzle is not oxidized in the vicinity of the 
nozzle discharge port. Thus, it is possible to prevent the 
metal jet nozzle from being clogged. Further, the droplet of 
the molten metal jetted from the nozzle can be formed into a 
spherical shape. 

A fourth aspect of the invention provides a metal jet 
apparatus comprising a discharge nozzle provided therein with 
molten metal, a discharge port for jetting the molten metal 
from one end of the discharge nozzle, and a pressing body for 
pressing the molten metal from the other end of the discharge 
nozzle in which the pressing body intermittently presses the 
molten metal in the discharge nozzle and jets the molten metal 
from the discharge port, wherein the discharge nozzle includes 
a curved surface shaped inner wall which forms a focal point 
at the discharge port or in the vicinity of the discharge port . 

According to this aspect, the pressure applied to the 
molten metal can be concentrated on the discharge port of the 
discharge nozzle by the effect of the curved surface shaped 
inner wall which forms the focal point at the discharge port 
or a portion in the vicinity of the discharge port . Therefore, 
it is possible to generate high pressure portion in the vicinity 
of the focal point, and the dot-like molten metal can be jetted 
from the discharge port by the pressure. 

A fifth aspect of the invention provides a metal jetting 
apparatus comprising a discharge nozzle provided therein with 
molten metal, a discharge port for letting the molten metal 
from one end of the discharge nozzle, and a pressing body for 
pressing the molten metal from the other end of the discharge 
nozzle in which the pressing body intermittently presses the 
molten metal in the discharge nozzle and jets the molten metal 
from the discharge port, wherein the pressing body includes 
a curved surface shaped inner wall which forms a focal point 
at the discharge port or in the vicinity of the discharge port. 

According to this aspect, the pressure applied to the 
molten metal can be concentrated on the discharge port of the 
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discharge nozzle by the effect of the curved surface shaped 
inner wall which forms the focal point at the discharge port 
or a portion in the vicinity of the discharge port . Therefore, 
it is possible to generate high pressure portion in the vicinity 
of the focal point, and the dot-like molten metal can be jetted 
from the discharge port by the pressure. 

A sixth aspect of the invention provides a metal jet 
method comprising the steps of: jetting molten metal from a 
discharge nozzle in a form of droplet, and supplying inert gas 
to a peripheral portion of a discharge port of the discharge 
nozzle. 

According to this aspect, metal droplets can be jetted 
from the discharge nozzle into the space filled with the inert 
gas. Therefore, the molten metal jetted from the nozzle is 
not oxidized in the vicinity of the nozzle discharge port. 
Thus, it is possible to prevent the metal jet nozzle from being 
clogged. Further, the droplets of the molten metal jetted from 
the nozzle can be formed into a spherical shape. 

A seventh aspect of the invention provides an jet 
apparatus replacing the molten metal of the fourth or fifth 
aspect by a mixture of liquid and metal powder or non-metal 
powder, or liquid. 

According to this aspect, the pressing force applied to 
the mixture or liquid can be concentrated on the discharge port 
of the discharge nozzle. Thus, it is possible to generate the 
high pressure portion in the vicinity of the focal point, and 
the dot -like mixture or liquid can be jetted from the discharge 
port by the pressure. 

Brief Description of the Drawings 

Fig. 1 is a partially sectional side view showing a 
configuration of a metal jet apparatus according to a first 
embodiment of the present invention; 

Fig, 2 is a conception diagram showing a configuration 
of a metal jet apparatus according to a second embodiment of 
the invention; and 
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Fig. 3 is a conception diagram showing a configuration 
of a metal jet apparatus according to a third embodiment of 
the invention . 

Best Mode for Carrying Out the Invention 

Embodiments of the present invention will be explained 
below based on the drawings. 
(First Embodiment) 

Fig. 1 is a partially sectional side view showing a 
configuration of a metal jet apparatus according to a first 
embodiment of the present invention. In the metal jet 
apparatus of the embodiment, a discharge nozzle 31 and a 
discharge port 32 are disposed. The discharge nozzle 31 
includes molten metal 20 therein* The molten metal 20 is 
jetted from a center of a nozzle body 30. The discharge port 
32 discharges dots, A gas passage 33 supplies inert gas 21 . 
The gas passage 33 is provided at its intermediate portion with 
a heater 39 as heating means. A tip end of the discharge port 

32 of the discharge nozzle 31 and a tip end of the gas passage 

33 as inert gas supply means are provided with a nozzle cover 

34 having a. space 35. The molten metal 20 and the inert gas 
21 pass through the space 35. In other words, the nozzle cover 
34 includes the space 35 which is in communication with outlets 
of the discharge port 32 and the gas passage 33 and which opens 
downward. A ring-like projection 36 is formed around a lower 
portion of the opening of the space 35 of the nozzle cover 34. 
A heater 37 as heating means for heating the discharge nozzle 
31 is provided inside or outside of the nozzle body 30. 

A metal supply passage 38 is in communication with the 
discharge nozzle 31. The molten metal 20 is supplied into the 
discharge nozzle 31 from outside through the metal supply 
passage 38. The inert gas 21 such as nitrogen gas and helium 
gas which do not react with the molten metal 20 is supplied 
into the gas passage 33 from outside. 

A support member 25 for supporting a product 26 to be 
produced is disposed at a location opposed to the discharge 
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port 32. The discharge port 32 and the support member 25 can 
move relatively with respect to each other . A moving mechanism 
and a moving method of the discharge port 32 and the support 
member 25 may be the same as those described in patent document 
1, and explanation thereof will be omitted. 

The gas passage 33 may be a groove formed between the 
nozzle body 30 and the nozzle cover 34. That is, a surface 
of one of the nozzle body 30 and the nozzle cover 34 may be 
provided a spiral groove or a meandering groove as the gas 
passage 33, Although the heater 37 and the heater 39 are 
provided as the heating means, the heater 37 may heat the gas 
passage 33. 

Next, the operation will be explained. The molten metal 
20 to be discharged through the metal supply passage 38 is 
supplied to the discharge nozzle 31 in the nozzle body 30 • As 
the molten metal 20, a metal material constituting the product 
26 to be produced is used- For example, solder, silver, 
lead- free solder such as tin alloy, white metal alloy having 
low melting point, aluminum and the like are arbitrarily 
selected. The kinds of the metals are appropriately changed 
and used in accordance with the configuration of the product 
26. The molten metal 20 is supplied in its molten state, and 
the discharge nozzle 31 is filled with the molten metal 20. 
At that time, the molten metal 20 can be kept in molten state 
by heating the discharge nozzle 31 by means of the heater 37. 

The inert gas 21 which does not react with the molten 
metal 20 is supplied to the gas passage 33. The supply amount 
of the inert gas 21 is set to such a small amount that the space 
35 of the nozzle cover 34 is filled with the inert gas 21 and 
the inert gas 21 slightly flows out from the nozzle cover. 
Since the gas supply passage 33 of the inert gas 21 is also 
heated by the heater 39, the inert gas 21 which fills the space 
35 is also kept heated* Therefore, the inert gas 21 in the 
space 35 stays in the space 35 by a buoyant force, and the amount 
of inert gas 21 which leaks out from the nozzle cover 34 is 
very small- The ring-like projection 36 is formed around the 
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outlet of the space 35 which is a tip end of the nozzle cover 
34. This projection 36 prevents outside air 27 such as air 
and oxygen from entering into the space 35 of the nozzle cover 
34 from outside of the nozzle cover 34 . Thus, although the 
space 35 is in contact with the outside air 27 , it is possible 
to maintain the state in which the space 35 is filled with the 
inert gas 21. 

In this state, if a discharge signal 22 is sent to the 
molten metal 20 in the discharge nozzle 31, the molten metal 
20 is discharged from the discharge port 32 into the space 35 
as droplets 23 in response to the discharge signal 22. The 
discharge signal 22 can be sent by a method appropriate selected 
in accordance with kinds of the molten metal such as an electric 
discharge method described in patent document 1 , a method using 
a piezoelectric element , and a method using laser irradiation. 

Since the space 35 is filled with the inert gas 21 as 
described above, each of the metal droplets 23 is brought into 
a spherical shape momentarily without being oxidized. The 
spherical droplets 23 are jetted outside from the space 35 of 
the nozzle cover 34 by power caused by the discharge signal 
22 and are deposited on the support member 25 in succession 
and the product 26 are formed. The producing method of the 
three -dimensional structure of the product 26 is the same as 
the method described in patent document 1. 

According to the metal jet apparatus of the first 
embodiment, if the space 35 is filled with the inert gas 21, 
the surface of the molten metal at the discharge port 32 is 
not oxidized after the droplet 23 is discharged. Therefore, 
metal oxide is not accumulated in the vicinity of the discharge 
port 32 and the discharge port 32 is not clogged with metal 
oxide. Further, the molten metal jetted from the discharge 
port 32 can be brought into the spherical shape (precise 
spherical shape) . 
(Second Embodiment) 

Fig* 2 is a conception diagram showing a configuration 
of a metal jet apparatus according to a second embodiment of 
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the Invention, in the metal jet apparatus of the second 
embodiment, configurations of the following elements are 
different from those of the first embodiment, i.e. , a discharge 
port 42 provided one of ends of a discharge nozzle 41, an inner 
wall 41a of the discharge nozzle 41 located on the side of the 
discharge port 42 , and a pressing body 43 which is located on 
the other end of the discharge nozzle 41 and which presses the 
molten metal 20 . Other configuration of the second embodiment 
is the same as that of the first embodiment. The discharge 
nozzle 41 is of a cylindrical shape, and is provided therein 
a cylindrical pressing body 43 at its upper portion. The inner 
wall 41a is on the side of the discharge port 42 of the discharge 
nozzle 41 and is in contact with the molten metal 20 . The inner 
wall 41a is formed into a curved surface shape. The discharge 
nozzle 41 has the discharge port 42 from which the molten metal 
20 is Jetted. The discharge port 42 is disposed in the vicinity 
of a focal point 44 of the curved surface of the inner wall 
41a (the curved surface of the inner wall 41a forms the focal 
point 44) . 

In other words, the discharge nozzle 41 has the curved 
surface shaped inner wall 41a forming the focal point 44 at 
the center of the discharge port 42 or in the vicinity of the 
center of the discharge port 42. An example of the curved 
surface shaped inner wall 41a is a parabolic shape comprising 
a parabola curved surface in which the focal point distance 
is short and the focal point 44 can easily be located at the 
discharge port 42. The molten metal 20 is jetted from the 
discharge port 42. The pressing body 43 is means for pressing 
the molten metal 20 from behind. The pressing body 43 
comprises a piezoelectric element, and is moved in a pulse 
manner by the discharge signal 22 for example. 

Next, the operation will be explained. If the pressing 
body 43 presses the molten metal 20 intermittently, the 
pressure wave applied to the molten metal 20 by the effect of 
the inner wall 41a having the parabolic shape can be 
concentrated on the focal point 44, i.e. . on the discharge port 
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42 in the vicinity of the focal point 44. As a result, dot-like 
molten metal 20 can be jetted from the discharge port 42 by 
the high pressure portion generated in the vicinity of the focal 
point 44. Other operation and effect are the same as those 
of the first embodiment and thus, explanation thereof will be 
omitted. 

According to the metal jet apparatus of the second 
embodiment, as described above, the droplets 23 of the molten 
metal 20 can be jetted into the space 35 from the discharge 
port 42 in the state in which the space 35 is filled with the 
inert gas. Therefore, like the first embodiment, the molten 
metal 20 jetted from the discharge port 42 is not oxidized in 
the vicinity of the discharge port 42. Thus, it is possible 
to prevent the nozzle of the discharge port 42 from being 
clogged- Since the droplets 23 are jetted in the form of dot, 
the molten metal 20 can be formed into the spherical shape. 
(Third Embodiment) 

Fig. 3 is a conception diagram showing a configuration 
of a metal jet apparatus according to a third embodiment of 
the invention. In the metal jet apparatus of the second 
embodiment, configurations of the following elements are 
different from those of the second embodiment, i.e., the 
discharge nozzle 31, the discharge port 32 in one of ends of 
the discharge nozzle 31. and a pressing body 4 5 which is 
provided on the other end of the discharge nozzle 31 and which 
presses the molten metal 20 . Other conf igur-ation of the second 
embodiment is the same as that of the second embodiment. The 
discharge nozzle 31 is of a cylindrical shape, and is provided 
therein with the cylindrical pressing body 45 at its upper 
portion. The molten metal 20 is jetted from the discharge port 
32. The pressing body 45 presses the molten metal 20 from 
behind to Increase its pressure. The pressing body 45 
comprises a piezoelectric element for example, and is moved 
in a pulse manner by the discharge signal 22. A pressing body 
end surface 4 5a of the pressing body 4 5 is in contact with the 
molten metal 20. The pressing body end surface 45a is formed 
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into a curved surface shape. The pressing body end surface 
45a is formed into a concave shape in which the focal point 
distance is long and the focal point 44 can easily be located 
at the discharge port . The discharge nozzle 31 has the 
discharge port 32 from which the molten metal 20 is jetted. 
The discharge port 32 is disposed in the vicinity of the focal 
point 44 of the curved surface of the pressing body 45a. In 
other words, the pressing body 45 has the pressing body end 
surface 45a of the curved surface shape forming the focal point 
44 at or in the vicinity of the center of the discharge port 
32 of the discharge nozzle 31. 

Next, the operation will be explained- If the molten 
metal 20 is intermittently pressed from behind by the pressing 
body 45, the pressure applied to the molten metal 20 can be 
concentrated on the focal point 44 by the effect of the pressing 
body end surface 45a having the concave shape. As a result, 
dot-like molten metal 20 can be jetted under high pressure 
momentarily from the discharge port 32 of the discharge nozzle 
31 in the vicinity of the focal point 44. Other operation and 
effect are the same as those of the first and second embodiments 
and thus, explanation thereof will be omitted. 

According to the metal jet apparatus of the third 
embodiment, as described above, the droplets 23 of the molten 
metal 20 can be jetted into the space 35 from the discharge 
port 32 in the state in which the space 35 is filled with the 
inert gas. Therefore, like the second embodiment, the molten 
metal 20 jetted from the discharge port 32 is not oxidized. 
Thus, it is possible to prevent the nozzle of the discharge 
port 32 from being clogged- Since the droplets 23 are jetted 
in the form of dot, the molten metal 20 can be formed into the 
spherical shape. 

In the embodiments above mentioned, each of the inner 
wall 41a of the discharge nozzle 41 and the pressing body end 
surface 45a is of the curved surf ace shape comprising parabolic 
shape. The parabolic shape is not necessarily needed, if the 
combination of the inner wall 41a and the pressing body end 
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surface 45a forms a focal point at the discharge port 32, 42 
or in the vicinity of the discharge port 32 , 42. 

In the second and third embodiments, the metal jet 
apparatus Jets the molten metal, but the present invention is 
not limited to the molten metal. Even if the molten metal is 
replaced by mixture of liquid and metal powder or non-metal 
powder, or liquid having such a viscosity that the liquid does 
not naturally fall from the discharge port 32. 42 by gravity, 
the same effect can be obtained. When the mixture of liquid 
and metal powder or non-metal powder, or liquid is used, since 
it is not oxidized, it is unnecessary to supply inert gas or 
to fill the space 35 with inert gas . 

According to the metal jet apparatus and the jetting 
method of the present invention, only the tip end of the nozzle 
is filled with inert gas with the simple method, and the metal 
droplets can be jetted from the discharge nozzle. Therefore, 
the molten metal jetted from the nozzle is not oxidized. Thus , 
it is possible to prevent the nozzle of the metal jet nozzle 
from being clogged. Further, the droplets of molten metal 
jetted from the nozzle can be formed into the spherical shape. 
Furthermore, air or oxygen from outside can be prevented from 
entering into the space by the projection formed around the 
opening of the space. 

According to the metal jet apparatus of the invention, 
the pressure applied to the molten metal can be concentrated 
on the discharge port of the discharge nozzle by the effect 
of the curved surface shaped inner wall which forms the focal 
point at a portion in the vicinity of the discharge port. 
Therefore, it is possible to generate high pressure portion 
in the vicinity of the focal point, and the dot-like molten 
metal can be jetted from the discharge port by the pressure. 

Industrial Applicability 

The present invention can be utilized for an apparatus 
which jets molten metal to bond a circuit or produces a 
three-dimensional structure. 
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